The economics of crop rotations and land use: A fundamental study in efficiency with emphasis on economic balance of forage and grain crops by Heady, Earl O. & Jensen, Harald R.
Volume 30
Number 383 The economics of crop rotations and land
use: A fundamental study in efficiency with emphasis on
economic balance of forage and grain crops
Article 1
August 1951
The economics of crop rotations and land use: A
fundamental study in efficiency with emphasis on
economic balance of forage and grain crops
Earl O. Heady
Iowa State College
Harald R. Jensen
Iowa State College
Follow this and additional works at: http://lib.dr.iastate.edu/researchbulletin
Part of the Agriculture Commons, Economics Commons, and the Sociology Commons
This Article is brought to you for free and open access by the Iowa Agricultural and Home Economics Experiment Station Publications at Iowa State
University Digital Repository. It has been accepted for inclusion in Research Bulletin (Iowa Agriculture and Home Economics Experiment Station) by
an authorized editor of Iowa State University Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Heady, Earl O. and Jensen, Harald R. (1951) "The economics of crop rotations and land use: A fundamental study in efficiency with
emphasis on economic balance of forage and grain crops," Research Bulletin (Iowa Agriculture and Home Economics Experiment Station):
Vol. 30 : No. 383 , Article 1.
Available at: http://lib.dr.iastate.edu/researchbulletin/vol30/iss383/1
I 
The Eco .. nomics of Crop Rotations 
and Land Use 
A Fundamental Study in Efficiency with Emphasis on Economic Balance 
. of Forage and Grain Crops 
by Earl O. Heady and Harald R. Jensen • 
Department of Economics and Sociology • 
AGRICULTURAL EXPERIMENT STATION, IOWA STATE COLLEGE 
RESEARCH BULLI:T/N 383 AUGUST, 1951 AMES, IOWA 

CONTENTS 
Summary ............................................ 420 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 423 
Objectives ........................................... 426 
Analysis in production economics. . . . . . . . . . . . . . . . . . . . . . .. 427 
Comparative advantage and regional specialization in crops. .. 428 
Best combination of forages and other crops. . . . . . . . . . . . . .. 430 
Basic enterprise relationships and farm specialization. . . . . . .. 430 
Complementary relationships ....................... 430 
Competitive relationships .......................... 431 
Rotation relationships ................................. 432 
Basic relationships and rotation data. . . . . . . . . . . . . . . . . . . . .. 435 
Basic information ..................................... 435 
Complementary range : ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .. 436 
Rates of substitution... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 440 
Maximum returns under complementarity ................. 441 
Returns in the complementary range .................. 441 
Complementarity and forage utilization. . . . . . . . . . . . . .. 443 
Returns under competition. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 444 
Constant rate of substitution and maximum returns. . . .. 445 
Maximum returns under diminishing rates of substitution 447 
The ends of society and maximum welfare ................ 452 
Time and decision-making.... . . . . . . . . . . . . . . . . . . . . . . . . .. 453 
Rotations for rented farms .............................. 455 
Substitution of forages in erosion control or for other sources 
of nitrogen and organic matter. . . . . . . . . . . . . . . . . . . . . . . .. 457 
Cropping systems to meet risk and uncertainty. . . . . . . . . . . .. 459 
SUMMARY 
1. For largest profits a farmer must use each unit of resource 
where it will bring him the greatest return. He must decide 
whether to invest scarce capital in legume seed, fertilizer, brood 
sows, machinery, or some other alternative. He must decide 
whether a day of labor or an acre of land will bring greatest re.: 
turns if used to grow alfalfa, clover, corn, soybeans, wheat or 
some other crop. He must make similar choices between crop 
and livestock enterprises. He must choose between different kinds 
of livestock. Rotations and cropping systems also must be consid-
ered in this light. The problems of the most desirable rotation 
or of the most profitable ration to be fed a given class of live-
stock are not distinct and separate problems. They are problems 
that must be considered together in order to get maximum farm 
profits. The analysis of this study relates mainly, however, to 
rotation economics alone. 
2. Competitive and complementary enterprise relationships best 
explain the economic role of forage crops in the organization of 
a farm. These two general relationships help explain which farms 
should grow grasses or legumes, and they help determine how 
many acres of forage should be grown on anyone farm. Enter-
prises are complementary with each other when the production 
of one increases the quantity of the other from given resources. 
The complementary nature of grasses and legumes is perhaps the 
most important reason why they are included in the farm organi-
zation. 
Forage crops are complementary with grain crops when an 
increased acreage and production of these forage crops also in-
creases the total production of grain from a given farm or area 
of land. The reasons why forage crops may serve in a comple-
mentary relationship to grain crops are outlined in other chapters. 
They are mainly these: (1) Legumes add nitrogen to the soil. 
This nitrogen is used by grain crops that follow. (2) Grasses 
and legumes improve soil tilth. This may increase the per acre 
yield of crops which follow in the rotation. The better soil tilth 
permits more timely planting and cultivation of the crop. Or it 
may have direct yield effects through the chemical and physical 
processes of the soil. (3) Forage crops grown in rotation may 
help control the corn root worm, or other crop pests and diseases. 
(4) Forage crops are especially effective in controlling erosion. 
Hence they tend to increase the relative acre yield of other crops 
over a period of time. In order to maintain a perfect and direct 
complementary relationship between forage and grain, the per-
centage increase in yield per acre of the grain must be greater 
than the percentage decrease in number of acres of grain, as land 
is shifted from grain to forage. 
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3. The costs of growing and harvesting the forages are greater 
than for corn, small grain and soybeans on most farms. How-
ever, the costs of growing forage are less than the costs of grow-
ing and harvesting most other Corn Belt crops. Thus, if fewer 
acres are devoted to grain while more land is planted to alfalfa 
or clover, total costs can be lessened if the forages are left unhar-
vested or are plowed under. Profits will increase where costs 
can be lessened by growing more forage and at the same time 
increasing total grain production. 
Where forage is complementary with grain in the rotation, price 
relationships are unimportant in determining the quantity of for~ 
age. Furthermore, it isn't necessary for forages to be used by 
livestock. Forage production is not a utilization problem if it 
is complementary to grain. Yet profits may be increased even 
furtter by utilizing the forage through livestock. If the farmer 
has the capital and necessary fencing, he can harvest his forage 
crops as pasture and the only costs he needs to consider are the 
growing costs. He can go even further in increasing profits if 
the forage when harvested and fed to livestock adds more to 
gross income than it adds to harvesting and other costs. 
4. Forage crops are competitive with grain or other crops on 
anyone farm if growing more acres of forage reduces both the 
acreage and total output of the nonforage crops. Thus, in this 
situation, although grasses or legumes increase the per acre yield 
of other crops grown later on the same land, the increase is not 
great enough to more than offset the reduction in total yield 
owing to the fewer number of acres planted to the crops other 
than forages. On some soils, acreage and production of forage 
can be increased only at the expense of production of the non-
forage crops. Here the two do not go hand-in-hand, and a com-
petitive relationship alone exists. The relationship of grain and 
forage prices, or the relative returns which can be realized from 
grain-consuming as compared to forage-consuming livestock, be-
comes of first importance when forages are competitive with grain 
crops. Income actually will be largest when the forages and 
other crops are combined on an individual farm in such propor-
tions that their substitution ratio is exactly equal to their price 
ratio. The substitution ratio must, of course, be figured from all 
the acres in grain and forage under the cropping systems being 
compared. 
5. Forages are complementary to other crops only over time. 
Any increase in production of grain resulting from the added ni-
trogen, improved soil tilth, or other contributions of grasses and 
legumes must come from the grain crops which follow the forages 
in rotation. Grasses and legumes are always competitive with 
other crops in any single cropping season; a greater _ acreage of 
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grasses or legumes is possible only as both the acreage and total 
production of non forages are reduced within the year. 
As mentioned previously, in few if any instances are farm prof-
its at a maximum over time if the acreage of forages is not ex-
tended through the entire range in which they are complementary 
to other crops. However, many farmers can make their crop 
plans for only one year and can view forages only as competi-
tive crops. This situation is especially true for: (1) tenants 
who will be on a given farm for only one year; (2) tenants who 
are always faced with the expectation that they may have to 
move at the end of a year; and (3) beginning farmers, and others 
short on capital who plan largely in terms of the year ahead only, 
because of the uncertainty of price and the future. 
The cash rent attached to forage acreages on many rented farms 
causes the cost of growing forages to be greater than the cost of 
growing and harvesting grain; it may then discourage forages in 
the rotation even where they are complementary with grain crops. 
Landlords and tenants can gain mutual benefits, however, if rental 
arrangements are devised which allow forages to be grown as long 
as t~ey serve in a complementary capacity. The landlord might 
actually realize maximum returns if he were to charge no rent 
on the land producing forages, providing this action resulted in 
producing grasses and legumes as complementary crops. He 
would have more grain from fewer acres, and forage production 
also would increase. The landlord is justified in charging a rent 
on forages which will equalize their return with alternative crops, 
however, when grass and legumes are alone competitive, or if 
their acreage is extended beyond the complementary range into 
the competitive range. 
6. The national pattern of forage crop production should con-
form to the comparative advantage of each particular production 
and soil area if (a) consumers of the nation are to realize the 
best use of resources from the standpoint of human wants and 
(b) farmers are to maximize returns from their resources. For-
age crops, as well as other crops, should be grown where their 
relative advantage and not necessarily their absolute advantage is 
greatest. All areas in which forage is a complementary crop 
have some comparative advantage in grass and legume production. 
7. Cropping and land use systems should be kept flexible to 
(a) conform to changes in consumer wants and national or emer-
gency requirements, and (b) the position of individual farmers. 
Again rotation systems are possible which reconcile objectives 
between these different economic units or organisms. 
Economics of Crop Rotations and 
Land Use 
A Fundamental Study in Efficiency With Emphasis on 
Economic Balance of Forage and Grain Crops 
By EARL O. HEADY and HARALD R. JENSEN 
The economics of crop rotations is a research problem of cen-
tral importance in Iowa agriculture. Although the major portion 
of Iowa cash farm income is derived from livestock, a greater 
share of the state's gross value of agricultural products is attribu-
table to crops than to livestock and livestock products. Live-
stock and livestock products provide the greatest part of the total 
cash income since the major portion of the hay and feed grains 
is not sold in the market but is, processed through livestock on 
the farms where the crops are produced. Livestock production 
adds 40 to 60 cents (depending on feed/livestock price ratios) 
to each dollar's worth of crops fed to livestock in Iowa. The 
importance of crop production economics in Iowa agriculture is 
thus apparent: Economic balance in the production of crops is 
of foremost concern (1) to the individual farm operator and 
farm owner in Iowa because of the large contribution of crops to 
total income and (2) to the nation's consumers since the output 
from any resources employed in the state's agricultural production 
represents an important part for the country as a whole. 
Economic aspects of crop production (land use) have always 
been important considerations in the maximization of individual 
farm profits or in the most efficient utilization of the nation's 
resources. However, the question of which pattern of crop pro-
duction is economic has taken on increasing importance during 
the last decade because of the large number of programs, popular 
movements and economic forces that impinge on crop production. 
Prior to the outbreak of World "Var II, farmers were being en-
couraged, through monetary and technical assistance of govern-
mental action agencies and educational institutions, to increase the 
acreage of grasses and legumes (the so-called soil-saving crops) 
and to decrease the acreage of grain and similar crops (the so-
called soil-depleting crops). Emphasis was shifted in the oppo-
site direction during the war period as consumer demand and 
'Readers who arc interested in further fundamentals of crop rotation economics 
may consult the following article which includes the original principles upon which 
the current study is based: . 
Heady, Earl O. The economics of rotations with farm and production policy 
applications. Jour, Farm gcon. 33 :645·664. 1948. 
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Fig. 1. Acres of corn and soybeans, sruall grains. tame hay and p!ownble pasture as percentages of ]Rnd in farms by counties in lows, 
1943·47. (Acres of plowable pastures was listed only in the 1946 Iowa !aIm census. Thns the 1946 acreage was taken as representative for 
the period.) 
Source: Iowa State Dept. Agr. and Bur. Agr. Econ. and Research Mktg. Adm., U. S. Dept. Agr., "'ashington, D. C .• Iowa land utiliza-
tion, Bul. 92.7, 1949 and Div. Agr. Stat., Iowa Dept. Agr., Dcs Moines, Iowa and Bur. Agr. Econ., U. S. Dept. Agr., 'YasiJington, D. C. 
Annual farm census, 1943·47. 
'*'" N 
'*'" 
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national defense needs called for greater acreages of grain and 
fiber crops. Current uncertainties on the world political horizon 
suggest that cropping patterns may need to be geared in either 
one of two directions in the future depending on (I) the prob-
ability of world conflict wherein rotations must be rapidly adapted 
in the direction of high-calorie crops with a heavy drain on soil 
nutrients stored in an earlier period or (2) the probability of 
peace (or the absence of armed conflict) wherein relative con-
sumer values represent the dominant factor in determining the 
optimum pattern of crop production. Monetary incentives and 
technical assistance have again been used in postwar years to 
effect a shift of acreage from grain to forage crops. 
Too, the fluctuations in farm prices and costs over the last 
decade have provided a complex decision-making environment 
for farmers. Changes in prices and price relationships and the 
uncertainty attending these changes have tended to place a pre-
mium on crops which give a rapid return on investment. Begin-
ning farmers and farmers who have recently purchased farms 
have also placed a premium on grain and related "quick-return" 
crops as compared to grasses and legumes. Many farmers have 
hoped to maximize either (a) the reduction in indebtedness or 
(b) the accumulation of capital, before prices fell in the postwar 
period. 
The various programs and economic influences mentioned above 
emphasize the need for development of basic principles that apply 
to crop rotations and crop production. Not only do certain mar-
ket influences (inflation, market uncertainty, acquisition of farms, 
etc.) on the one hand and action programs on the other conflict 
in the emphasis placed on the relative need for grain and forage 
crops, but also other long-standing problems in the economics of 
rotations are still unsolved. One of these is the problem of rota-
tions for rented farms. Numerous customs have developed rela-
tive to the rentals to be paid for and the cropping systems to be 
followed on rented farms. These customs often give rise to con-
flict over rotations since the resulting rental returns are not mutu-
ally satisfactory to landlords and tenants. As a resuit, the crop-
ping system on a very great number of rented farms includes a 
far smaller acreage of grasses and legumes than will suffice to 
produce the most efficient use of resources. Too, the grain acre-
age on many owner-operated farms is far greater than is recom-
mended by agronomists. A large number of farm operators, 
whether owners or tenants, are simply concerned with the ques-
tion, "What is the most profitable crop rotation ?" 
Figure 1 represents the general production pattern of inter-
tilled, small grain and forage crops in Iowa for the period 1943-
1947. Notable area differences are indicated in this pattern. For 
example, the north central area of Iowa reflects a heavy produc-
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tion of intertilled crops, whereas southern Iowa evidences rela-
tively heavy forage production. These, however, are broad and 
over-all area adjustments and the answer to the question of what 
is the most profitable rotation still remains an individual farm 
prob~em. The following pages will largely be addressed to the 
solution of that problem. , 
OBJECTIVES 
Because of the maze of forces which affect cropping programs 
and condition farmer decisions on many individual farms, devel-
opment of basic economic principles which apply to crop rota-
tions and land use is greatly needed. Even though the problem 
of crop rotation economics has always been important in the 
management of an Iowa farm or in the best use of the nation's 
resources, little has been accomplished previously in the develop-
ment and application of the economic principles of crop rotation. 
The specific objectives of this study are to develop and outline 
these fundamental economic principles. Principles, which are 
simple and which provide a sound framework for suggesting the 
cropping systems for individual farms and for establishing goals 
for national programs, are developed and applied to farm prob-
l~ms in the following discussion. While the study is nowhere 
complete in these respects, it does set forth the more elementary 
and fundamental relationships in crop production economics. It 
also provides models suggestive of the design for further eco-
nomic and physical research aimed at providing data for decision-
making, either at the individual farm or in respect to the national 
program level. The data employed in testing the models and 
in applying the principles are partly drawn from other economic 
and agronomic studies. Physical data from other states have 
been employed since the quantity of yield data available from 
Iowa experiments was not great enough to test and apply all of 
the ~rinciples. Then, too, the basic principles are of general appli-
cation irrespective of particular soil types and climatic conditions; 
they apply equally whether moisture in the Great Plains or nitro-
gen in the Corn Belt is the limiting element in crop yields. The 
enterprise relationships and principles of choice that follow are 
rel:.1.tively simple and can be illustrated and understood through 
use of simple examples in arithmetic and geometry. Again it 
should be mentioned that emphasis is on development of basic 
principles which apply to all farms and situations rather than to 
the prescription of practices to be followed on a limited number 
of individual farms. The general principles of enterprise com-
binations discussed on the following pages apply to all crops and 
livestock; they apply to crops grown in the Great Plains and 
other areas as well as in the Corn Belt. However, emphasis is on 
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the relationship of gr~in and forage crops grown in Iowa and the 
central Corn Belt. 
ANALYSIS IN PRODUCTION ECONOMICS 
The crop rotation which is economically efficient can be deter-
mined only within the framework of farm management and pro-
duction economics. The particular cropping system which will 
give maximum returns on the individual farm is determined not 
alone by the yields to be obtained under different rotations. Other 
factors that especially must be considered include: (1) the amount 
of labor available on the particular farm and the seasonality of 
labor requirements for particular crops, (2) the prices for and the 
capital and labor costs of each crop, (3) the various kinds of 
livestock (a) which can be adapted to the cropping system or 
(b) to which the rotation can be adapted, (4) the alternative 
rations that can be fed to each class of livestock and the manner 
in which livestock rations and feed from the crop rotation can 
be adapted to each other, (5) the price and cost relationships for 
various classes of livestock, (6) the leasing system under which 
the farm is operated and (7) the capital position of the individual 
farmer and his ability to withstand risks and major fluctuations 
in income. 
The economics of rotations is not simply a study in land use. 
Land is a single factor of production. Crops can be produced 
only by the use of capital, labor and management as well as land. 
Since production is forthcoming only when two or more factors 
of production are employed, economic study of land use can be 
made only within the framework of production economics which 
involves use of two or more factors of production. Studies deal-
ing with a single production factor (as land or labor) involves 
only the physical aspects of the particular resource or crop. 
The cropping pattern which is most desirable from the stand-
point of either the individual farm or the national welfare can 
thus be established only in a framework wherein other farm enter-
prises and all production factors are included. The rotation which 
is best for one farm may well differ from the rotation which is 
most profitable on another farm because of differences in such 
items as labor supply, management skill, amounts and kinds of 
available capital, and leasing systems. Similarly, national pro-
grams touching upon cropping patterns must consider not only 
the differences in physical characteristics associated with each 
particular type of soil, but also must consider land use in the 
general framework of production economics wherein proper con-
sideration is given to (1) the relative demand or prices for the 
alternative crops and (2) the degree to which capital, labor and 
land substitute for each other and the relative costs or scarcity of 
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each of these factors of production. The analysis which follows 
applies the basic principles of production economics to rotations 
and land use. The study does not, however, complete the devel-
opment of principles of crop rotation economics. Neither does it 
completely interrelate problems of crop and livestock production. 
This analysis is to be made in a publication on livestock and feed 
utilization. 
The two basic problems of cropping combinations relate to how 
many acres of various crops should be grown (1) on each incli-
vidual farm and (2) in each agricultural area or region of the 
nation. The following section discusses principles of regional 
specialization in crop production. However, the major portion 
of the analysis that follows refers to the choice of crop combi-
nations on specific soils and farms from the standpoint of both 
the individual farmer and the national welfare. The optimum 
regional specialization would be attained automatically were the 
optimum cropping pattern established on each individual farm 
from the standpoint of national welfare. 
COMPARATIVE ADVANTAGE AND REGIONAL 
SPECIALIZATION IN CROPS 
The amount of forage and grain crops produced per farm 
varies greatly between different localities. In some areas nearly 
all the land area is devoted to grasses and legumes. Some regions 
grow very little of these crops. In other areas a near-even bal-
ance exists between forage and grain or fiber crops. The areas 
whieh can produce the highest acre yields of grasses or legumes 
do not always specialize to the greatest extent in these crops. Re-
gional specialization in forage production and utilization is illus-
trated in fig. 2. 
The principle of cOlll.parative advalltage is the economic law 
which helps explain this regional specialization. In general, this 
principle or law indicates that crops should not always be grown 
where absolute yields and income per acre are greatest. Rather 
they should be produced where relative or comparative yield and 
return are greatest. 
For example, the yield per acre of both forage and grain crops 
is greater in the Corn Belt than in most of the Great Plains area. 
Certain sections of the Corn Belt. however, grow a greater 
acreage of grain than of grasses and legumes. At the same time 
in parts of the Great Plains practically all of the land is devoted 
to grasses and livestock grazing. As previously stated, the Corn 
Belt has an absolute advantage in both forage and grain crops. 
Yet the Great Plains grazing area has a "comparative or relative 
advantage" for grasses. The reason: Its yield disadvantage for 
D Li!'fI Ma/? 4tJ ,Pt'/ceol 
[:Zl4tJ-$9 
~6"tJ-7.9 
~ 80 OM OYi!'; 
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Fig. 2. Percentages of .. n feeds frolll tame and wild hOlY and pasture fed to live· 
>tock, 1941·42. 
Source: U. S. Dept. Agr., Yearbook of Agriculture, Grass, Washington, D. C., 1948, 
". 381. 
grass is less than for grain crops. In the same vein, the Corn 
Belt has a comparative advantage for grain, since its actual ad-
vantage for corn, oats and soybeans is greater than for the forage 
crops. 
To illustrate: suppose that in region A, an acre of land along 
with the necessary capital and labor will yield either 2.5 tons of 
hay or 60 bushels of corn. In region B, the yields for hay and 
for corn are 1.5 tons and 30 bushels, respectively. Region B has 
a comparative advantage in hay because the yield is 60 percent 
as great as in region A while the corn yield is only 50 percent as 
great. Conversely, A has the comparative advantage in corn. 
It must be borne in mind, also, that consumers of commodities 
and services help establish the comparative advantage and the 
amount of specialization in anyone crop or enterprise. The prices 
consumers are willing to pay tend to push each region into produc-
ing the product for which it has the greatest relative advantage. 
Market prices reflect the consumers' desires for different prod-
lIctS. Aside from variations due to geographical distances, these 
market prices are about the same for all farmers. In effect, the 
consumer thus indicates that the farmer with the lowest relative 
costs (not always the lowest absolute costs) should produce a 
given crop. 
Historically, broad regions with varying degrees of specializa-
tion in grasses and legumes have become established. Some re-
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gions produce forages because the topography and climate make 
it impossible to produce any other crop. But mainly, forages are 
produced in areas where they have a comparative advantage over 
other crops. 
Changes in comparative advantage are brought about especially 
by: (I) changes in consumers' tastes for different things, and 
hence the prices which they are willing to pay for them as com-
pared to others; and (2) changes in the acre yield or costs of 
one crop as compared to that of other crops. 
The American diet is fairly stable. The greatest opportunity, 
therefore, for increasing the comparative advantage of forage 
crops relative to grain and fiber crops is through increasing the 
relative acre return as compared with that of other crops. 
BEST COMBINATION OF FORAGES AND 
OTHER CROPS 
Very few farming regions in the United States have such a 
distinct advantage in grain, fiber, fruit or other crops that they 
cannot afford to devote any of their land to forage production. 
Generally, the problem is to get the best combination of forages 
with other crops. 
The proper combination from a national economic standpoint is 
that one which gives both a maximum satisfaction to consumers 
and a maximum profit to farm operators. Once this balance 
has been struck, any major shift away from it is to the disadvan-
tage of both farmers and consumers. 
BASIC ENTERPRISE RELATIONSHIPS AND 
FARM SPECIALIZATION 
Choice of the amount of capital, labor and land which should 
be employed in production of alternative crops or livestock enter-
prises depends especially on the relationships between enter-
prises. These enterprise relationships are explained in general 
form below and applied to crop rotation data in the following 
section. Knowledge of these basic concepts of enterprise rela-
tionships should be possessed by any economist or physical scien-
tist who advises farmel's and program administrators on crop or 
livestock combinations. Enterprises may bear either one of two 
general relationships: These relationships are (1) complementarv 
and (2) competitive. -
COMPLEMENTARY RELATIONSHIPS 
Two crops are complementary to each other when an increase 
in output of one also results in an increase in output of the other 
m 
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Fig. 3. Hypothetical illustration of pure complementary relationship of crop A. 
and crop B. 
Fig. 4. Hypothetical illustration of competitive relationship between two crops with 
constant marginal rate of substitution. 
from given resources. When two crops are complementary, use 
of resources for two crops makes possible a greater production 
of one or of both crops than if each were grown independently. 
This relationship exists only when one crop enterprise furnishes 
an element of production required by the other. Thus grasses 
and legumes become complementary to grain crops when the for-
mer (a) furnish nitrogen, (b) control erosion, (c) eliminate dis-
eases and pests and (d) maintain or improve soil tilth to an extent 
that a greater production of grain crops is possible over time from 
fewer acres. 
Complementary relationship between two crops is illustrated in 
the example of fig. 3. This illustration refers to the possible 
combinations of crop A and crop B which might be produced from 
a.given quantity of land and other resources. Each increase in 
production of crop B is associated with an increase in the output 
of crop A. . 
COMPETITIVE RELATIONSHIPS 
Two crops are competitive when an increase in the total pro-
'duction of one is possible only as the output of the other is de-
creased. Competitive crops act as substitutes for each other in 
the use of gi,:,en resource~ sin~e the gain in output of one crop 
always necessItates a sacnfice In output of the other. Competi-
tive crops may substitute for each other at either (a) a constant 
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marginal rate or (b) a declining marginal rate.2 Substitution at 
a constant rate is illustrated in the example of fig. 4. Here each 
successive increase in the output of crop D requires a constant re-
duction in the output of crop C. Crops substitute for each other 
at a constant rate only when neither crop contributes to the pro-
duction of the other (through addition of nitrogen, improvement 
in soil tilth, by control of erosion and pests, etc.) and when both 
require machinery, labor and power at approximately the same 
time of the year. Oats and barley are generally competitive at 
a constant rate within the rotation since neither adds to the yield 
of the other and both have similar tillage, planting and harvest-
ing dates. Each acre of land on an individual farm which is 
transferred from barley to oats requires the same sacrifice in out-
put of barley for equal gains in production of oats. Substitution 
at a diminishing marginal rate is illustrated in the example of 
fig. S. Here each successive increase in the output of crop F 
requires increasingly larger sacrifices in the production of. crop E. 
Forage and grain crops substitute for each other at a diminishing 
marginal rate when the growing of forages makes possible greater 
yield per acre of grain but when the increase in yield per acre of 
grain is not great enough to offset the decline in the number of 
acres. 
ROTATION RELATIONSHIPS 
Forage and grain crops ordinarily have both a complementary 
and competitive relationship to each other even when grown on 
the same farm or same tract of land. If only one relationship 
is present. it is the competitive or substitution relationship alotle. 
While it is true that two crops may be competitive alone, they 
are never complementary throughout all possible combinations. 
When both complementary and competitive relationships are pres-
ent, the complementary relationship must occur first and is fol-
lowed by the competitive relationship. The range of the comple-
mentary relationship extends as long as the increase in yield per 
acre of grain (resulting from the added nitrogen, improved soil 
tilth or from the increased control of erosion, pests, etc.) more 
than offsets the reduction in number of acres of grain. Grain 
production reaches a maximum from a given area of land or on 
a given farm when the forage-induced increases in per acre yields 
of grain are exactly offset by the effect of reductions in the acre-
age planted to grain. When the per acre yield benefits to grain 
from forage can no longer offset further decreases in grain acre-
2T~e term marginal refers to. the rate at which each succes~ive unit of one crop 
substItutes for the other. Margmal IS used to .lenote that tho Important question of 
substitution is not thnt of averages throughout all ranges of croll combinations but 
how each successive chunge in output of one crop causes output of another crop to 
decline. 
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Fig. 5. Hypothetical iIIuKtration of rompetitive relutionship between two crops with 
f!uh"titution at " declining marginal rate. 
Fig. 6. Hypothetical illustration o( rotation relationship with hoth a complemen-
tary and competitive phase for two crops (crop G complementary to crop H). 
age, grain and forage become competitive and each acre shifted 
from grain to forage results in a decrease in the total grain pro-
duction. Within the competitive range, substitution of forage for 
grain may be at either a constant or at a diminishing marginal 
rate, depending on whether or not grain and forage have any 
effects on the per acre yield of each other. 
The general complementary-competitive relationship is illus-
trated by the example of fig. 6. As is suggested by the inter-
section of the curve and the vertical axis, some grain would be 
produced even in the absence of forage. The positive slope of the 
curve indicates that as production of crop G is increased (through 
an increase in acreage), the production of crop H is also increased. 
Total production of H reaches a maximum at point M and beyond 
this point any increase in the acreage and total production of 
crop G results in a decrease in total production of H. The point~ 
L, M, N, P and Q are equivalent to individual rotations containing 
various proportions of land devoted to forage or grain crops. Al-
though each individual rotation represents a specific point (as 
L, M, N, P and Q) on the rotation curve, all points on the curve 
might be derived from one farm or a tract of land by increasing 
the number of rotations and by combining rotations in different 
proportions. The nature and slope of the rotation curve will 
vary between soils depending on topography, on origin and devel-
opment of soil, and on climate and other physical considerations. 
On some' soils the complementary relationship may end with a 
small proportion of the land in forage. On other soils, the com-
plementary range may extend farther to the right thus denotinG" 
a larger possible proportion of the land in grass or legumes befor~ 
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Fig. 7. Hypothetical illustration of ro-
tation relationship with complementary 
"nd competitive phases between two crops_ 
the stage of competition be-
tween crops is attained. On soils 
where grasses or legumes do 
not have the effect of increasing' 
grain production f rom fewer 
acres, the relationship between 
crops is competitve alone and 
the rotation curve is of the na-
ture of that illustrated in fig. 5 
(or fig. 4 if suhstitution is at a 
constant rate). 
Examples of complementarity3 discussed above relate only to 
the effect of forage on grain (or one-way complementarity be-
tween any two crops). It is also possible that grain has a com-
plementary effect on forage for some soils and under certain cli-
matic conditions. Under this possibility, the total production of 
hay will be less if all of the land is planted to hay (hay grown 
continuously with none of the land devoted to grain). Possible 
reasons (hypotheses) explaining why grain may serve as com-
plementary to forage include winter killing of grass and legume 
stands, emergence of native grasses and weeds to compete with 
hay in growth, depletion of soil moisture, development of plant 
diseases and pests, and other factors which may lower forage yields 
sufficiently to cause a lower total production w_hen land is con-
tinuously devoted to hay or pasture. A rotation which includes 
row crops and small grains may eliminate these yield-reducing 
forces to an extent that hay production will be greater in a rota-
tion which includes some acreage of grain as compared to one 
where the land is devoted entirely to hay (grassland farming). 
The rotation relationship takes the general nature of the example 
shown in fig. 7 when both forage and grain are complementary 
to each other. Under this situation grain production can be in-
creased (starting from the intersection of the vertical or left-hand 
axis and the curve) as hay production is also increased. At the 
point R, maximum grain production is attained from given re-
sources and further increases in forage production are possible 
only as total grain production is reduced. However, at point S. 
total hay production will decline along with total grain output as 
more resources (acres of land) are devoted to grass or legumes. 
Or, starting from the point where all resources are devoted to 
forage production (as denoted by intersection of the rotation 
curve and the horizontal axis) total hay production will increase 
within a given range by also increasing grain production (planting 
1~10re acres to grain). However, at point S the transfer of more 
'W'hile complementarity is not to be found in standard dictionaries the term is 
employed in this study liS II nOun to denote the conditions wherein one ~r more crops 
ure complementary. 
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resources to grain production (fewer acres in forage) results in 
a smaller total output of forage since the percentage increase in 
the per acre yield of forage is less than the percentage decrease 
in forage acreage. 
BASIC RELATIONSHIPS AND ROTATION DATA 
The enterprise and rotation relationships outlined above include 
all of the possible situations into which various rotation and land 
use arrangements for individual farms and soils may fall.4 Each 
one of these specific relationships (1) competitive at (a) constant 
marginal rates or (b) diminishing marginal rates and (2) comple-
mentaryof (a) forage with grain alone or (b) both crops to each 
other has its own special economic implications and requires a 
particular cropping pattern if farm returns or national welfare is 
to be maximized. Thus knowledge of these relationships and 
their quantitative application to individual soils is essential for 
farmers, educators, program administrators and others who are 
concerned with adaptations in cropping patterns. The exact im-
plications of each of the individual relationships will be pointed 
out later. 
BASIC INFORMATION 
Recommendations for rotations on particular soils should con-
sider especially the extent to which forage crops are comple-
mentary with grain crops. On bottomlands which are flooded 
frequently, it is possible that 'forage and grain crops are never 
complementary and hence any increase in forage acreage and pro-
duction must be at the expense of grain acreage and production. 
On level soils, it is possible that forage remains complementary to 
grain only as a small amount of the land is planted to forage. Com-
plementarity on level soils results mainly through the added nitrogen 
or improved soil tilth which grasses and legumes furnish for subse-
quent grain crops. On the other hand, the complementary range 
may be extensive and call for a large acreage of forage on rough 
land. Grasses and legumes not only furnish nitrogen and improve 
soil tilth on rough land but also control erosion which may affect 
long-run grain yields. As will be pointed out later, the rate at which 
grain and forage crops substitute within the competitive range is 
also important. 
In order to determine under which conditions and the extent to 
whi~h forage crops are complementary to grain crops on particular 
'An additional enterprise relationship is the supplementary relationship. It has not 
been discusBed since it has no particular implications in crop rotations. 
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soils, information from crop rotation experiments has been brought 
together in table 1. While these data cover .only a small range of 
soils, they represent an important portion of the long-run experi-
mental data available in the Corn Belt. It should be remembered, of 
course, that they apply to particular soil types and cannot be used 
as inferences for all other specific soils. Too, the major portion of 
the experimental data is for level soils with high initial produc-
tivity. These represent only a fraction of the possible rotations 
and crop combinations possible for individual farms and soil types. 
Data are converted to the basis of 100 acres since farmers must 
view their cropping operations on the basis of alternatives on a 
given area of land. 
COMPLEMENTARY RANGE 
The data in table 1 indicate that a complementary relationship 
exists between forage and grain for some period on each of the soil 
types included. Complementary relationships are denoted in the 
columns showing total production (pounds) of grain. For the 
Illinois and Ohio rotation experiments, total production of grain 
for the entire experimental period was greater under rotations in-
cluding some amount of hay than under a cropping system of con-
tinuous corn. Complementary effects are not expressed over the 
average of the experimental period for the data from Clarion-
\Vebster soils nor from the Marshall soil in Iowa; ·however, in both 
instances, complementarity is manifested in the latter part of the 
experimentation periods. 
In the Morrow Plot experiments in Illinois, the forage in the 
C-O-Cl rotation had a complementary effect on total grain produc-
tion when compared to continuous corn, and even when compared 
to the C-Os rotation which included forage as a crop to be plowed 
under. In the Ohio experiment, 1937-1943, the forage in the 
C-C-C-W -A rotation had complementary effects on total grain 
output when compared to continuous corn. However, when the 
C-W-A rotation is compared with C-C-C-W-A, forage is competi-
tive in the sense that a greater acreage and production of hay 
brings about a reduction in total grain production. The rate at 
which forage substitutes for grain diminishes even further between 
the C-C-W -A-A and the C-W -A rotations, and further still be-
tween the C-W-A-A and the C-C-W-A-A rotations-only 1.9 
pounds of forage is gained for each pound of grain sacrificed. 
As indicated previously, the complementary effects of forages on 
total grain production were expressed only in the latter portion of 
the experimental period for the rotation experiments all Clarion-
Webster and on Marshall soils (1945-1948 for Clarion-Webster 
soils and 1941-1949 for the Marshall soils). 
437 
It is the figures on total production of the alternative crops rather 
than figures on yield per acre which are important in determining 
complementary or competitive relationships and in decision-making 
relative to the optimum cropping pattern. While corn and small 
grain yields per acre are sometimes greater for rotations which ex-
tend into the competitive range (the C-W -A rotation as compared 
to the C-C-C-W -A rotation on Canfield-Wooster soils, for exam-
pie) the increase in yield per acre is not great enough to offset the 
decline in the number of acres in grain. Accordingly, total grain 
production eventually decreases as acreage and production of mead-
ow is increased (between rotations). The range of rotations 
included in the various experiments is not great enough to determine 
whether grain also has a complementary effect on forage. Hay 
production increases on each soil type as grain acreage is reduced. 
However, since the experiments do not include continuous hay 
(no grain) or rotations which approach this extreme, possible 
complementary effects of grain 011 forage are 110t expressed. 
vVhile it -is true that forage-grain complementarity is expressed 
for some time period on each of the particular soils, the experi-
ments do not indicate exactly how far. forage acreage can be ex-
tended in the rotation before the range of complementarity is 
exhausted and the range of competition begins. For the cropping 
systems on Marshall silt loam over the period 1941-49, for example, 
the C-O-M rotation yielded a greater grain production than did 
the continuous corn. Only 67 acres out of each 100 would be in 
grain under the 3-year rotation while the entire 100 would be in 
grain under the continuous cropping system. However, if these 
data are compared with the illustration of fig. 6, it cannot be de-
termined whether the C-O-M rotation represents a point such as 
L, A1 or N. If it represents a point such as N, then forage acreage 
extends beyond that which would maximize grain production from 
a given farm acreage even though the 3-year rotation results in a 
greater total grain output than continuous corn. I f the 3-year 
rotation represents a point such as L, forage acreage might be 
extended stil1 further than that included in a 3-year C-O-M rota-
tion before meadow crops become competitive with grain crops. If 
it falls at a point such as M in fig. 6, maximum total grain produc-
tion for a given acreage has been attained and longer rotations 
(more acres of forage) would result in a smaller total grain produc-
tion. 
Similarly, it is impossible to determine whether the particular 
rotations which indicate the greatest grain yields for other soil 
types fall before, after or exactly at the line (or point M in fig. 6 
for example) which divides the complementary and competitive 
effects of forage with grain. Figure 8 which is derived from the 
Ohio experimental data corresponds to the basic rotation relation-
ship illustrated in the example of fig. 6. Figure 8 displays both a 
TABLE 1. ENTERPRISE RELATIO~SHIPS, :l.1ARGINAL RATES OF SUBSTITUTION AND RELATED ITE!.IS FOR SPECIFIED 
ROTATIONS AN!) SOILS. TOTAL PRODUCTION ~'lGURES BASED ON 100 ACRES OF LAND.* 
Acres of land Total production Rate of substitution of hay t.'r 
out of 1O~ in Per acre YIelds of: (lbs·)t grain (lbs. hay gained for eal h 
Cropping syslem** ------ lb. of grain sacrificed) in 
, Small competitive range 
Hay Grain ___ C~rn __ I __ grain Hay Grain Hay 
Drummer silt loam, Urbana, IIIinois, 1904·1949 
tg~ti·.:.:::::::::::::1 0 100 H . .i 136,248 1 0 100 33.6 34.5 149,212 Complementary 33 67 51.1 49.8 .82 149,891 54,200 Complementary 
Wooster and Canfield silt loams, 'Voosdr, Ohio, 1937·1943 
C ................... 0 100 389 217,840 
I 
i28;/iOO C·C-C-W-A .......... , 20 80 60.1 23.2 .~. 22 229,776 Complementary 
C-W-A ............... 33 6, m.o 41.5 3.08 215,480 203,200 5.2 
C-C-W-A-A .......... 40 60 68.3 31.4 3.95 190,672 316,000 4.6 
C-W-A-A ............ 50 50 78.3 37.5 3.63 165,928 363,000 1.9 
Clarion·Webster silt loam, Ames, Iowa, 1915·1948 
t~:gi~j .. :::::::::: ::1 0 100 40.0 224,000 I 2.1 75 59.9 56.5 1.79 212,920 89,600 8.0 33 67 59.5 50.1 1.46 166,194 96.400 .2 
Clarion·Webster silt loam, Ames, Iowa, 1945-1948 
~:8:gi·~I:.:::::::::: ::1 0 100 32.2 180,320 I '85;000 25 75 60.6 59.6 I. 70 217,360 Complementary 33 67 63.7 57.8 2.01 182,3.13 132.660 1.4 
Marshall silt loam, Clarinda, Iowa, 1933·1949 
Kci-'cC:::::::::::: :I 0 100 28.02 156,912 I 33 67 M.27 25.35 1.68 149,122 110,880 I 14.2 
+-
<J.> 
0:: 
TABLE I.-Continued. 
Acres of land Total production Rate of substitution of hay for 
out of 100 in Per acre yields of: (lbs.)t grain (lbs. hay gained for each 
Cropping system-' 
I I 
lb. of grain sacrificed) in 
Small competitive range 
Hay Grain Corn grain Hay Grain Hay 
Marshall silt loam. Clarinda, Iowa, 1941·1949 
8:6-d.: '.:::::::: ::::1 0 100 21.2 118,720 I 33 67 80.76 27.7 2.25 183,019 148,500 Complementary 
*Sources: Bauer, F. O. and C. H. Farnham. The Morrow Plots. Unh·. of Ill. Agr. Exp. St •. Ag. 948. 1948. 
Yoder, R. E. Results of agronomic research on the use of lime and fertilizers in Ohio. Ohio Agr. Exp. St •. Agron. Mimeograph No. 
96. 1945. 
Iowa State Oollege. Unpublished Data. Dept. of Agron. Ames, Iowa. 1915·1948. 
Iowa State ColJege. Annual reports of studies nt the Soil Conservation ExperinlentaI }'arm. Page County. Iowa. In Cooperation with 
Jowa Agr. Exp. Stn .. Iowa Agr. Ext. Serv., Soil Oons. Serv .• Bur. of Plant Ind., U. S. Dept. of Agl' .• Washington. D. O. Agron. 23, 40, 
61, 88, FSR5. 1932·1949. 
**C=corn: O=oats; s=swcctclover green·manure crop; Cl=cloverj A=alfalfa. 
tOorn. 56 ponnds per busbel; oats, 32; wheat. 60. 
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complementary and competitive 
relationship. However, it again 
is impossible to determine 
whether the C-C-C-W-A rota-
tion represents a point (a) ex-
actly at, (b) to the left of, or 
(c) to the right of the comple-
mentary peak or rotation which 
gives the maximum grain pro-
duction for a given land area." 
Data which indicate location of 
~ TOTA~ OUTPUT OF HAY PER 100 ACRES this' particular point are more 
~ important in economic decisions 
Fig. 8. Chat't of "utation relationships 
on Canfield·Wooster silt 108m, Columbus, 
Ohio, 1937·43. 
Souree: Table 1. 
relating to rotations than any 
other single aspect of rotation 
data. Additional experimental 
and record data for a wider 
range of rotations and for varying time periods will have to be 
obtained before the exact extent of forage-grain complementarity 
can be established for individual soils and farms .. 
RATES OF SUBSTITUTION 
For those rotations where the number of crop combinations is 
sufficiently great for measurement, forage substitutes for grain at 
a diminishing marginal rate within the competitive range. Suc-
cessive sacrifices in grain production add smaller and smaller quan-
tities of hay to total production. On Clarion-Webster soils over 
the period 1915-48, for example, 8.0 pounds of hay are gained for 
each 'pound of grain sacrificed between the C-C-O-M rotation and 
continuous corn. One pound of grain substitutes for only 0.2 
pounds of hay between the C-C-O-M and C-O-M rotations. Sim-
ilarly, on the Canfield-Wooster soils over the period 1937-43, grain 
substituted for hay at the rate of 5.2, 4.6 and 1.9 between the pairs 
of rotations, C-C-C-W-A and CoW-A, C-W-A and C-C-W-A-A, 
and C-C-W-A-A and C-W-A-A, respectively. The fact that sub-
stitution is at a diminishing rather than a constant marginal rate 
has important bearing on the amount of forage which is optimum 
for any particular farm or soil. As is pointed out later, substitution 
at a constant marginal rate ordinarily specifies that one of two 
extreme quantities of forage should be produced. The causes of a 
"Total grflin production in the data of table 1 and fig. 8 includes both corn and 
.mall grain. Under historic market relationships corn and oat. average approximately 
the same price per pound. Hence, gross income is affected similarly whether total grain 
production in pounds increases because of a greater proportion of oats or corn, 
Wh.at ha. historically sold at 8 higher prie.e per pound than corn. Hence a8 rotations 
include 8 greater proportion of wheat and as wheat production represent. 8 greater 
proportion of total grain production, gross income will always increase 88 tolal grain 
output becomes greater. 
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diminishing rate of forage-grain substitution on Corn Belt soils are 
evidently these: (1) Yield per acre of grain still increases from a 
greater forage acreage (although not enough to compensate for the 
reduced acreage of grain). (2) Hay yield per acre tends to decline 
for rotations which include increasingly greater amounts of forage. 
MAXIMUM RETURNS UNDER COMPLEMENTARITY 
Given the nature and extent of the complementary and competi-
tive relationships, basic statements can be made about rotations and 
land use systems which will maximize farm profits and national 
welfare. "The conditions defining maximum economic efficiency in 
the use of resources devoted to grain or forage crops can be out-
lined and ranges within which grain or forage acreage must fall 
can be delineated. The exact rotation or cropping system (within 
the delineated range) will vary at anyone particular point in time 
depending on price relationships. Again, these conditions are highly 
dependent on the enterprise and rotation relationships previously 
outlined. 
RETURNS IN THE COMPLEMENTARY RANGE 
For an operator who will be on his farm during the period in 
which a forage-grain complementary relationship is expressed (and 
in the absence of the major fluctuations in grain-forage price rela-
tionships which are discussed in a later section) returns can never 
be maximized by a forage acreage short of that necessary to exhaust 
the complementary effect and maximize total grain production. 
(As examples, a forage acreage short of that necessary to attain 
the grain production represented either by (a) point M in fig. 6 or 
by (0) the S-year Ohio rotation, if the latter represents the greatest 
possible grain production, will never maximize profits.) Irrespec-
tive of prices for the crops, returns can always be increased by 
extending forage acreage as long as legumes or grasses are com-
plementary to grain. Even if the price of forage is zero, its produc-
tion is still profitable. The hay or pasture represents only one of 
the products of forages. Other important products are in the form 
of nitrogen, better soil tilth, erosion, pest and disease control, or 
other direct and indirect contributions of grasses and legumes to 
yield of subsequent grain crops. 
When forage crops are complementary with grain in the rotation 
a greater total production of both hay (or pasture) and grain ca~ 
be attained through extending the acreage of grasses or legumes. 
The hay harvesting methods being used on some farms result in 
per acre costs of production for hay which are about equal to those 
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TABLE 2. PER ACRE COSTS OF GROWING AND HARVESTING SPECIFIED 
GRAIN AND HAY CROPS, 1940·44.* 
I 
Growing I Harvesting Total cost of Yield per cost per cost per growing and har-Crop acre acre I acre vesting per acre** 
Oats .................. 42 $5.84 $ 4.09 $ 9.93 
Corn ................. . 67 9.27 3.80 13.07 
Soyb.ans .............. 20 9.93 3.28 13.21 
Wheat. ............... 20 7.50 6.72 14.22 
Red clover hay ......... 1.6 6.69 10.03 16.72 
Alfalfa hay ............ 2.7 6.71 12.62 19.33 
'The cost figures do not include a charge for land or similar items wbicb are tbe 
same regardless of tbe crop being grown. Since costs sucb as tbese are constant, tbeir 
inclusion or oxclusion does not affect the rclative pr<>fitabilitr of the different crops. 
These costs are based on survey, record, and other data wblch indicate the pbysical 
input-output requirements for various crops. Costs for the period specified have been 
applied to these physical inputs. Cost allowances include labor, machinery power and 
all other operating cost. as well as seed, and fertilizer applied at the recommended 
rates on Clarion·\Vebster soils. 
"The barvesting figures are based on costs under baling. Under the con\"entional 
hay loader system, acre costs would be increased about $1.63 for clover and $2.75 
for alfalfa. 
for corn.6 (In table 2, for example, the total costs per acre for 
clover are only slightly higher than those for corn.) Thus, as an 
acre of land is shifted from corn to hay, costs remain constant 
while grain production increases along with hay production. With 
hay costs equal to those of corn on the Marshall silt loam soils 
over the period 1941-49, an annual average of only 2,122 bushels 
of corn (from 100 acres of land) would be produced under the 
continuous corn rotation. However, with the same total costs under 
the C-O-M rotation, total grain production would amount to the 
equivalent of 3,201 bushels of corn. An annual average of 74 tons 
of hay would also be produced. Thus, net return must necessarily 
be greater for the meadow rotation as compared to continuous corn. 
Even if the hay brings only $1 (or less) per ton, gross income is 
greater while costs do not increase. 
The haying methods employed on a very great number of farms 
result in greater per acre costs for hay than for the common grain 
crops. Yet even on these farms, returns can always be increased by 
increasing the acreage of forages if the grasses or legumes are 
complementary with grain. As is indicated in table 2, the total per 
acre costs of growing and harvesting hay are greater than those for 
the common grains of the Corn Belt. Yet the costs of growing 
hay are generally less than the total costs of growing and harvesting 
grains. Thus gross and net income can still be increased as forage 
acreage is increased within the complementary' range, irrespective 
of the market price for forage or the return which can be realized 
on it through utilization by livestock. As is indicated in table 2, 
·Per acre costs are comparable on farms especially where hay is put up with a buck 
rake and stacked in the field. 'Wbile this is not a practice common to all farms the 
method is employed especially on farms in the soutbern and western edges of the 
Corn Belt. 
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TABLE B. PRODUCTION, GROSS RETURN, NET VALUE OF GRAIN AND 
PRODUCTION COSTS FOR SPECIFIED ROTATIONS ON BASIS OF 
Rotation 
C····· .. · .... ··I C-C-C-W-A .... . 
C-O-M ........ . ··············I 
100 ACRES OF LAND. 
Total production (Ibs.) 
Grain (corn I Hay 
equiv.) Ibs. lbs. 
I Gross value I Total I Net value of . of grain with cosls of production zero value production** with zero 
for hay. value on hay 
Canfield-Wooster soils, Columbus, Ohio, 1937-43 
217,840 I 0 $3,579 $1,307 
230,496 128,800 3,762 1,203 
Marshall silt loam, Clarinda, Iowa, 1941-49 
179,368 148,000 2,434 993 
118,720 I 0 $1,611 $1,307 
$2,272 
2,559 
S 304 
1,441 
·Prices used include the average for Ohio and Iowa for the period of 1940·44. 
Only the value of corn and small grain has been included_ Hay has been given a 
zero price for illustrative examples. 
• 'Costs included are total growing and harvesting costs for grain and growing 
costs for forage. 
the total cost of growing and harvesting alfalfa is greater than the 
parallel cost for any of the grain crops listed. Since the growing 
costs of alfalfa are less than the total of growing and harvesting 
costs of all grains listed, costs can always be reduced by shifting 
an acre from grain to alfalfa, if the hay is not harvested. For 
example, a shift of one acre from oats to alfalfa would lower costs 
by $3.22 while a shift from corn would save $6,36_ Thus as long 
as forage is complementary to grain and with costs of growing 
forage less than the costs of growing and harvesting grain, income 
must always increase as more forage is grown. The shift of land 
from grain to hay which is not harvested must increase the total 
production and gross return from grain while total costs are less-
ened. These relationships are expressed in table 3 when the cost 
figures of tabJe 2 are applied to the grain production figures of 
table 1 for the range of complementarity on Canfield-Wooster soils 
over the period 1937-43 and Marshall silt over the period 1941-49, 
COMPLEMENTARITY AND FORAGE UTILIZATION 
Since gross income from grain always increases and total costs 
can always be decreased, net income necessarily increases as land 
is shifted from grain to forage within the complementary range. 
Again, the price of hay or the returns to be realized from hay 
through livestock are unimportant. Production of more hay is 
always profitable whether the return per ton from hay is zero, $100, 
or another quantity, The hay can simply be turned under as a 
green manure crop and the growing costs alone are realized. Its 
profitability comes indirectly through increases in total grain pro-
duction from a given land area. 
Tlms forage utilization is not a problem when grasses and leg-
limes are complementary with grain and has no place in determining 
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which crop should be grown. A large number of individuals mis-
takenly pose forage utilization as a major obstacle to a greater 
acreage of grasses and legumes. Grass and legume production is 
not a utilization problem as long as forages are complementary. 
No direct return need be realized on these crops to make their 
production profitable. They need not he utilized and can simply be 
plowed under and the farm operator need not have capital invested 
in livestock to make complementary forage production profitable. 
I t is true, of course, that any price or return that can be realized 
from forage represents an addition to net profit. 
While utilization is not a factor determining which acreage of 
forage should be grown within the complementary range, there are 
few instances where utilization of the forages grown (for their 
complementary effect on grains) is not profitable if sufficient capital 
is available. Many farmers suggest that lack of capital and the 
risks associated with borrowing prevent them from utilization of 
grasses and legumes produced in rotation. However, utilization of 
some amount of complementary forages can generally be made 
profitable if only a very small amout of capital can be obtained. 
Too, this utilization need not entail any great risks. For example, 
most farm operators can get together enough capital to buy a beef 
heifer. The heifer can be grown on the grass and legumes which 
serve as complementary with grain and which might otherwise he 
plowed under as a green manure crop. As her eventual offspring 
are saved back (or steer calves are traded for heifer calves) a 
beef herd can be built upon a basis of feeds which would otherwise 
go unused. In this manner complementary forages can be trans-
ferred into capital over time and the capital so accumulated becomes 
a form of deferred income which would otherwise not be realized. 
A utilization system such as this not only allows capital accumula-
tion to spring from complementary forages with a minimum outlay 
but also entails small risk. Even if the first heifer is bought im-
mediately before a price decline, her original capital value can al-
ways be returned in a short period of years from feeds which would 
otherwise have no value. 
There are also other methods by which all or part of the comple-
mentary forages can be profitably used under a small capital outlay 
and with little or no risk. These methods will be outlined in a later 
study dealing with forage utilization. 
RETURNS UNDER COMPETITION 
'While the price for or returns from forage crops have no role 
in determining forage acreage when grasses or legumes are comple-
mentary with grain, they become extremely important in determin-
ing which rotation or combination of forages and other crops is 
most profitable when the r~lationship becomes one of competition. 
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When the crops are competitive, returns from grain are always 
sacrificed for any gains in returns from forages. Accordingly, in-
come considerations require that the profitability of grain and 
grasses or legumes be compared. It is the relationship of forage 
and grain prices (or relationship of returns through livestock from 
forage and grain) along with the cost relationships and marginal 
rates of substitution between crops that define the optimum forage 
acreage when grasses or legumes are competitive with other crops. 
The extremely difficult decisions on the acreage of forage relative 
to other crops falls in the range of competitive relationships. 
CONSTANT RATE OF SUBSTITUTION AND MAXIMUM 
RETURNS 
Under competitive conditions and constant marginal rates_ of 
substitution between grain and forage throughout, the two types of 
crops generally should be combined in either one of two extremes. 
I f crops are competitive for all possible acreage combinations (as 
illustrated in the example of fig. 4), returns can be maximized by 
devoting the entire acreage to either one or other of the cropS.7 
When the production costs per acre are equal for the two crops, 
direct comparison of the yield or substitution ratios and price ratios 
for the two crops indicate which is most profitable. Yield data for 
barley and oats in Cherokee County, Iowa, are employed in table 
4 to illustrate this principle. The oat-barley substitution ratio used 
(the number of bushels of oats sacrificed for each bushel of barley 
gained per acre shifted from oats to barley) is held constant at 
1.4: 1.0 since the two crops are entirely competitive within the rota-
tion. When the oat/barley price ratio is (inversely) greater 
(1.0 :2.2) than the substitution ratio, gross and net returns are 
greater if the entire 100 acres were devoted to barley. When 
the oat/barley price ratio is (inversely) less (1.0: 1.3) than the 
substitution ratio, returns are greatest for oats. A price ratio of 
1.0: 1.4 (exactly the inverse of the substitution ratio) causes both 
crops to be equally profitable. 
The same conditions of profit maximization also hold true when 
crops compete at a constant marginal rate while costs per unit differ. 
The relevant comparison is then between the substitution ratio and 
the net price ratio (market price less cost per pound, or ton). Spe-
cialization again should be either in one or other of the crops alone. 
While oats and barley have been used as an example of competi-
tive crops which substitute at a constant rate, this relationship also 
holds true between forages and grain or other crops in some regions. 
'Looking forward into lin uncertain market, farmers may wish to plant some of 
both crops in order to avoid "having all eggs in one basket" shOUld their price expecta. 
tion. be wrong. H<Hvever, historical returns will always be le.s under this system 
than had expectations been formulated accurately and had specialization been in olle 
crop. 
TABLE 4. YIELDS, COSTS. GROSS AKD SET RETURNS FOR 100 ACRES WITH VARYING COMBI~ATIONS OF OATS AND 
BARLEY, BASED ON YIELDS FOR CHEROKEE COUNTY, IOWA, 1936·45. W 
I I 
Acres in 100 tanted to Total costs** Gross returns with pricest and I Net returns with each crop an yield per (growing plus price ratios as indicated prices and price 
acre harvesting) ratios as indLcated 
I per acre at $10 Oats .lOt Oats Barley [or each crop Oats 90¢ Oats Sat 
---------------
Barley I. 10 Barley 1.20 Barley.70 
Acre I Yield Acre Yield Ratio 1.0:2.2 Ratio I. 0: I. 3 Ratio 1.0,1.4 1.0:2.2 1.0:1.3 1.0:1.4 
------
100 38 0 27 51 000 51,900 $3420 SI 900 $ 900 $2 420 $900 
80 38 20 27 1000 2,114 3 .184 1.900 t .114 2,384 900 
60 38 40 27 t 000 2,328 3348 t 900 1.328 2,3-18 900 
40 38 60 27 1 000 2 5·12 3 312 1.900 t .142 2,312 900 
20 38 80 27 1 COO 2, i56 3.276 1,900 I 1,756 2,276 900 0 38 100 27 I 000 2.970 3 240 1,900 1,970 2,240 900 
*The yields ha\'e been obtained from Iowa County Assessors' Annual Reports. 
**Costs are based on the total growing and harvesting costs of $9.93 per acre for oats as indicated in table 3. For ease of computation 
this was rounded off to $10 per acre. Similar costs were assumed for barley. 
tFor the period 1935·1942 the oat·barley. price ratio was 1.0 :1.5 and in 1938 the ratio was 1.0 :1.85 cn the basis of Iowa annual prices 
In July of 1949 the ratio was 1.0: 1.72 on the basis of data from the Iowa Crop and Livestock Reporting Service. 
t: 
0\ 
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Substitution at a constant rate is most common in the western Corn 
Belt and Great Plains areas where land is level, moisture is the 
limiting element in production, and grasses or legumes contribute 
neither directly nor indirectly to the yield of other crops. Under 
these conditions land should be devoted entirely to grass and grazing 
when the grain/grass yield or substitution ratio is low relative 
to t1~e (inverse) grain/grass price or returns (including returns 
through livestock and associated costs) ratio. Land should be de-
voted entirely to grain when the grain/grass substitution ratio is 
higher than the (inverse) price or returns ratio. A similar situation 
(constant rate of substitution and the need for specialization en-
tirely in grain or forage) exists on flooded bottomland soils of the 
Corn Belt where grass or legumes do not contribute significantly 
to grain yields. 
Where forage crops first serve in a complementary capacity to 
grain, then compete at a constant rate of substitution, specialization 
should be either in (1) hay alone or (2) the combination of hay 
and grain which results in the maximum grain production (e.g. 
denotes the point of separation between complementary and com-
petitive effects of forage on grain as point ill! in fig. 6. Again it is 
the substitution ratios as compared to the price or returns ratios 
which determines which one of the two extreme cropping systems 
will maximize returns. 
MAXIMU1I RETURNS UNDER DIMINISHING RATES 
OF SUBSTITUTION 
In the central and eastern Corn Belt and other regions where 
rainfall is abundant or erosion is a definite hazard, those crops 
which play the same role in the rotation and do not have an inter-
related yield effect tend to have similar costs per acre and substitute 
for each other at constant rates. This is true for barley as compared 
to oats, soybeans as compared to corn and red c1over-brome as com-
pared to alfalfa-brome hay or pasture mixtures. Accordingly, 
farms do and should produce one or other of the competing crops 
alone except where combinations are used to meet yield and price 
uncertainty. In these same regions, forage and grains or other 
crops not only tend to display complementarity but also to substi-
tute for each other at a diminishing rate. (See table 1.) 
Under conditions of diminishing rates of substitution, the opti-
mum profit balance is again determined by the ratio of substitution 
as compared to ratios of costs and prices (or return through live-
~tock if crops are not sold in the market). For competing crops the 
following conditions must hold true if income is to be maximized: 
(1) Gross returns can be maximized when the forage is extended 
to an acreage where the forage/grain substitution ratio is (inverse-
ly) equal to the forage/grain price ratio. (2) When costs per acre 
TABI,E 5. GROSS I~COl!E, TOTAL COSTS A;';[D NET RETURNS PER 100 ACRES (FOR ROTATIOXS, YIELD AXD PRODUCTION 
DATA OF TABLE 2) FOR THE THREE PRICE AND COST LEVELS m' 1940·1944, 1920 AND 1947.* 
Gross income** Total costst Net return 
-:-~~44 1 
1 
--I 1940-44 1920 1917 1920 1947 1940-44 1920 1947 prices and prices and prices and 
Rotation pnces prices prices level level level costs costs costs 
:)Iarshall silt loam, 1933·49 
C···············I $2 ]30 $1.429 $7.17.3 $] ,597 $2 042 $2 310 S 533 $-6]3 S4863 C-O-Cl.. ........ 2,709 2.857 6,984 1,723 2 223 2,703 986 634 { 281 
Marshall silt loam, 1941·49 
~:o~cc::: ::::: 1 $1611 S1.081 $5,427 SL553 $1.997 $2 268 $ 58 $-916 S3,159 3393 3,602 8,704 1,809 2,326 2,722 1.584 1 276 5,982 
Clarion·'Vebster silt loam, 1915·48 
L'::o~c'I::::::::1 $3,080 $1,960 $10,200 $1,671 $2,132 $2,406 $1,409 $-li2 57,794 3,534 3,503 9,762 1,778 2,281 2,640 1,756 1,222 7,122 
C·O·CJ.. ........ 2,939 2,264 7,573 1,735 2,234 2,613 1,204 1,030 4,960 
C1arion·'Vebster silt loam, 1945·48 
C~ .............. 1 $2,479 $1,578 $8,211 $1,630 $2,088 $2,.360 '$ 849 $-510 $5,851 
C-C-O-CJ.. ...... 1 3,565 3,510 9,885 1,776 2,277 2,634 1,789 1,233 7,251 
C-O-Cl., ...•.... 3,404 3,963 8,496 1,~04 2,318 2,713 1,600 1,645 5,783 
Canfield·Wooster silt loam, 1937·43 
C·· .. ··· .. ······I 53,579 52,645 5 8,402 $1,665 $2,126 $2,400 $1,9]4 $ 519 S6,002 
C-C-C-W-A ..... '1 4,721 4,474 10,024 1,943 2,458 2,809 2,778 2,016 7,215 C-W-A .......... 5,186 5,866 10,193 1,963 2,477 2,876 3,223 3,389 7,317 
C-C-W-A-A ...... 5,340 5,975 10,180 2,123 2,654 3,077 3,217 3,321 7,10.3 
C-W-A-A ........ 5,310 6,418 9,656 2,141 2,678 3,127 3,169 3,740 6,529 
Drummer silt loam, 1904·49 (no treatment) 
c .. ····· ...... ··1 $2,117 $1,435 S5,401 $1,588 $2,044 $2,314 S 529 $ 609 $3,087 C-Os ............ 2,375 1,7.12 5,555 1,550 1,992 2,312 825 -260 3,~43 
C-O-Cl. ......... 2,734 2,289 6,120 1,657 2,139 2,501 1,077 ISO 3,619 
*Basic production data for this table are those set forth in table 1. 
**Iowa Crop Reporting District 7 and District 5 prices were used in computing gross income for rotations on Marshall soils and on 
Clarion·Webster soils respectively. Ohio prices were used for rotations on Canfield-Wooster soils and Illinois prices for those on Drummer 
soils. 
tCosts inclunL'(1 were overhe;!lld and 01J2:rating tractor co~ts~ fixed m:tchin'-ry costs, seed costs, building costs, real e~tate tnxes, operator 
lahor costs, and those costs such as handling and hauling that vary with output. 
~ 
~ 
00 
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are similar or identical, net income also can be maximized when 
forage is extended to an acreage where the substitution ratio is 
(inversely) equal to the ratio of market prices (or returns if the 
crops are fed to livestock). (3) When costs are not identical, the 
same conditions exist for profit maximization except the substitu-
tion ratio must be compared with the net price ratio (market prices 
less production costs per unit). 
The conditions outlined above can be illustrated for gross returns 
with the data from the Clarion-Webster experiment (table 1) over 
the period 1915-48 when the average relationship between forage 
and grain was competitive. Under the substitution ratios realized 
for the entire period, gross income could be increased by a shift 
from the continuous corn to the C-C-O-Cl rotation as long as the 
price per pound of grain is not more than 8.0 times 'the price of 
hay. For example, with corn at $1.12 per bushel and hay at $18 
per ton (a price of 2.0 cents per pound for grain and 0.9 cents per 
pound for hay, a grain/hay price ratio of 2.22 :1.0) the C-C-O-CI 
rotation would gross more than the continuous corn since 8 pounds 
of hay are gained for each pound of grain sacrificed (a grain/hay 
substitution ratio of 1.0 :8.0) . For each pound of grain sacrificed 
2 cents (1.0 x 2.0) would be given up for a gain of 7.2 cents 
(8.0 x 0.9) from forage.s However, at these same prices, the 
C-O-Cl rotation would always gross less than the C-C-O-Cl rota-
tion. Giving up a pound of grain in this case would mean a gain 
of only 0.2 pound of hay (substitution ratio of 1.0:0.20).0 A gain 
of .18 cent from hay is realized for each loss in 2.0 cents from 
grain. 
Similar relationships can be computed for net returns from the 
data of table 5. Three different price and cost levels were selected 
to illustrate varying grain-forage price relationships. In 1920, 
forage prices were high relative to grain prices; in 1947, the reverse 
was true. The grain-forage price ratios of 1940-1944 fall in be-
tween the 1920 and 1947 extremes and come fairly close to repre-
senting the longer-run grain-forage price ratios. As has already 
heen pointed out, grain-forage price relationships are unimportant 
in instances where forage is complementary with grain output. This 
is illustrated by the rotations on Marshall soil, 1941-1949, on Drum-
mer soil, 1904-1949, on Clarion-Webster soil, 1945-1948 where 
C-C-O-CI is compared with continuous corn, and on the Canfield-
Wooster soil where C-C-C-VV -A is compared with continuous corn. 
At each of the three different price and cost levels (each char-
·'111e grain/hay price ratio (2.22 :1.0) is (inversely) less than the grain/hay substi. 
tution ratio (1.0 :t!.O). Therefore," move from continuous corn to C-C-O-C! woulll 
mellon 3 larger gross ineome ~ince the maximum gross incomt~ ·would be reached at u 
point where the substitution ratio just equaled the inverse price ratio. 
9The grain/hay price ratio (2.22 :1.0) is (inversely) greater than the grain/hay 
substitution ratio (1.0 :0.20). Accordingly a shift from C·C-O-C] to C·O-CI would be a 
movement away from the ma.ximum gross income. 
450 
acterizing a different grain-forage price relationship) C-O-Cl, in 
the first two instances and C-C-O-CI and C-C-C-W -A in the third 
and fourth instances respectively, net higher returns than contin-
uous corn. However, in all the other situations-Marshall soil, 
1933-1949, Clarion-Webster soil, 1915-1948, and Canfield-Wooster 
soil, 1937-1943 (for rotation of C-C-C-W-A and those including 
a relatively larger proportion of forage crop) grain-forage price 
relationships and the costs of producing forage and grain do be-
come important in determining the most profitable rotation. This 
is true since in all these situations forage output is competitive with 
grain production, i.e., total grain output is sacrificed for each ex-
pansion in forage acreage and output. . 
For Marshall soil, 1933-1949, C-O-Cl nets a higher return than 
continuous corn at both the 1940-1944 and 1920 price levels. This 
is the case since 14 pounds of clover hay is gained for every pound 
of grain sacrificed in a choice of C-O-Cl for continuous corn; and 
during neither price period is the price per pound of corn or oats 
14 or more times that of the price per pound of clover hay, and 
the total costs for the C-O-Cl rotation are not enough higher than 
the total costs for continuous corn to make the 3-year rotation less 
profitable. In 1947, however, grain prices were high relative to 
those for forage (the price per pound of corn was almost eight 
times that of the price per pound of forage). 
At first glance it would seem that the C-O-Cl rotation should 
still bring in a higher net return than continuous corn since only 
1 pound of grain is given up for every 14 pounds of forage gained. 
However, within anyone year it is seldom that two grains are 
priced the same per pound. When this is true the grains cannot be 
considered as a single crop under a single price. In 1947, the price 
per pound of oats was approxi~ately only 0.6 times that of a 
pound of corn. In terms of corn thus only 16,338 pounds of oats 
are gained instead of 26,784. The total grain produced therefore 
(in terms of corn) from the C-O-Cl rotation is 138,709 pounds 
instead of 149,122. Thus the total grain sacrificed for the 110,880 
forage is 18,203. Thus only 6.1 pounds of forage are gained for 
each pound of grain given up. The grain-forage price ratio is 
thus one of the reasons why continuous corn produces a higher 
net return; the other reason is that the total costs for C-O-Cl are 
relatively higher. 
For the Clarion-Webster soil, 1915-1948, the continuous corn and 
C-C-O-Cl comparisons are exactly as those above. A C-C-O-Cl and 
C-O-C1 comparison shows that the former brings in a higher net 
return at all the given price levels and relationships. The reason for 
this is that such a small amount of forage is gained (0.2 pound) for 
each pound of grain given up when the C-O-C1 rotation is chosen 
instead of C-C-O-Cl and the price of forage relative to that of 
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grain is in no instance sufficiently high to compensate for this rel-
atively low forage-grain substitution ratio even though the total 
costs for the C-O-Cl rotation are a trifle lower than for C-C-O-C1. 
In a C-C-O-Cl and C-O-Cl comparison for the Clarion-Webster 
soil, 1945-1948, enough hay is gained (1.4 pounds) for every 
pound of grain given up when C-O-Cl is chosen for C-C-O-Cl so 
that the 3-year rotation nets the higher return in 1920 when forage 
prices were relatively high when compared to those of grain. 
For the Canfield-Wooster soil, 1937-1943, C-W-A nets the high-
est return at the 1940-1944 price level. In all the other rotations 
that include a larger forage acreage and output, not enough forage 
is gained for the grain given up to offset higher prices for grain as 
compared to forage and the cost differences. However, at the 1920 
price level and price relationships, the price of forage was suffi-
ciently high when compared to grain prices to offset the diminish-
ing marginal rate of substitution of forage for grain so as to make 
the C-W -A-A rotation the most profitable. At 1947 prices (when 
the Rrices of grain were high relative to forage prices) the C-W-A 
rotation again nets the highest returns. This is true even if some 
grain must be sacrificed for a gain in forage in a choice of C-W-A 
for C-C-C-W-A. The reason for this is that the price per pound 
of wheat was somewhat higher than for corn and the C-W-A rota-
tion includes a larger acreage and output of wheat than does the 
C-C-C-W -A rotation. 
It is relationships of the nature outlined above between substi-
tution, cost and price ratios which cause anyone particular rota-
tion to be most profitable at anyone price level. 
While it is not a necessary condition, a pure grassland type of 
farming is generally most profitable only when substitution of for-
age for grain in the rotation is at a constant rate. When substitu-
tion rates diminish at a rapid rate such as for the Canfield-Wooster 
soils (table 1), maximum returns are expressed in rotations con-
siderably short of continuous hay (a pure grassland system of farm-
ing with all land in hay). Where the substitution rate is extremely 
low, as for Clarion-Webster soils (between C-C-O-M and C-O-M) 
rotations, maximum profits come with a rotation which includes 
only enough hay that the complementary effect of grasses amI 
legumes is exhausted (the rotation which allows maximum grain 
production from a given acreage of land). 
It is true, of course, that the degree of complementarity or com-
petition varies over time for a given soil type, as changes in soil 
tilth, virgin fertility and soil erosion occur under particular crop-
ping systems. A changing economic premium is expressed for for-
age as compared to grain even for a given ratio of market prices or 
ratio of returns from grain and roughage when utilized through 
livestock. 
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THE ENDS OF SOCIETY AND MAXIMUM WELFARE 
The use of resources which are economically most desirable from 
the standpoint of national welfare generally parallel those set out 
above. 
From both 'the national (and most individual farmers') stand-
point, a particular cropping or land use pattern is not itself an end. 
Instead it is a means to an end. The end to which alternative crop-
ping systems should be directed is that of maximizing the total 
satisfactions over the period which the individual or society deems 
relevant. The most efficient cropping pattern from the national 
standpoint is the one which provides the community of consumers 
with the range and quantity of farm products which it most desires 
relative to nonfarm products. Aside from market imperfections and 
uncertainty, the conditions which define the optimum cropping pat-
tern for the nation's consumers generally parallel those set out 
above. Over a period long enough that complementary effects can 
be expressed, the welfare of society can never be maximized with 
a forage acreage short of that necessary for complementary effects 
to be exhausted (point M in the example of fig. 6 or the C-C-C-
W -A as compared to the continuous corn rotation for Canfield-
Wooster soils in table 1). Rather than a forage acreage short of 
this quantity, society could always obtain a greater output of for-
ages and grain from fewer acres of land and a smaller input or cost 
of capital and labor by extending forage on particular soils up to 
the point at which grasses and legumes become competitive with 
grain or other crops. Too, the quantity of forage whkh is optimum 
for society when crops are competitive is again that which equates 
price ratios and substitution ratios in the general manner outlined 
above. 
Since forage and nonforage crops are complementary only over 
time (as grains, for example, have time to benefit from the im-
proved soil tilth, and the nitrogen added or the erosion control pro-
vided by previous forage crops on a given piece of land), cropping 
systems should not be looked upon as fixed and inflexible. There 
are times when either a nation or an individual is faced with major 
emergencies which require that stores of fertility built up in pre-
vious periods be drawn upon to avert catastrophes. The need of a 
nation fur food during war or the need of a farmer for income to 
meet sickness is for the point in time of the emergency rather than 
for a later point in time in which forage planted at the present can 
be reflected in grain or fiher production. 
Flexibility in cropping patterns to meet changing requirements 
over time is especially important on those soils where the erosion 
hazard is not great and where permanent destruction of soil tilth is 
not a danger. 
The introduction of flexibility considerations is consistent with 
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the conditions outlined previously of maximizing economic returns 
through equating substitution ratios with price, return and cost 
ratios. Under a changing economic environment, the price and cost 
ratios expressive of changes in market demand and national need 
also vary, thus causing maximum returns to be realized with a dif-
ferent cropping combination. 
TIME AND DECISION-MAKING 
Crops are complementary only over time. Within a single year, 
an it}creased acreage and production of forage crops can come only 
at the expense of both acreage and production of grain crops. This 
condition is parallel for that of grain or other crops which fill the 
same role in the rotation and do not contribute to the yield of each 
other. Grain crops benefit in yield only as they respond to the added 
nitrogen, the improved soil tilth, and the increased erosion control 
provided by previous seedings of grasses and legumes .. Too, the 
degree to which forages are complementary with grain depends on 
the store of nitrogen already present and on the existing soil tilth, 
particularly on level soils. If these are originally high and if there 
is no serious loss of top soil through· erosion, the complementary 
effect of forages will not be expressed until the fertility and soil· 
tilth has been depleted to a level where grain crops respond suffi-
ciently to the improved soil tilth and nitrogen added by forages. 
If the content of these is low on the farm when a particular oper-
ator moves on, forages may have a complementary effect on any 
one field immediately after one round of the rotation. As table 6 
indicates, forages did not become complementary on Marshall silt 
loam until the tenth year. Of course, the length of time might well 
have been less for a farm or tract of soil which had been heavily 
cropped or under other weather conditions, while it might have been 
longer for soils where the original level of fertility and organic mat-
ter were higher and the degree of erosion was less. Under the 
experiment on Clarion-\Vebster soils, a complementary relation-
ship was not expressed for 30 years. 
Many farm operators make their decisions for a definite period 
of time. For a beginning operator whose ability to remain a farmer 
depends on his returns in the next 5 years or for an owner with a 
low equity in his farm and who must secure his capital position 
before prices fall, the relationship between crops over the next 5 
years,' for example, may be equally or more important than their 
relationship over the next 20 years. To illustrate with reference to 
table 6, the average net value of crops for the period 1933-1940 for 
continuous corn was $318 compared to $129 for C-O-Cl using 
actual prices and costs; using 1940-44 prices and costs, a similar 
coml?arison shows $1,081 for continuous corn and $404 for C-O-Cl. 
Thus during the first 8 years of the entire period continuous corn 
TABLE 6. TOTAL PRODUCTION OF OROPS AND COSTS AND RETURNS UNDER TWO PRICE SITUATIONS, MARSHALL 
SILT LOAM, 1933-49. (100 ACRES OF LAND.) 
Year 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1933-48 avo 
Total production of grain 
(corn equivalent)· 
Continuous 
corn rotation 
3,370 
5,700 
940 
4,360 
1,380 
3,510 
5.090 
4,080 
3,480 
1,740 
2,040 
2,570 
1,870 
2,430 
2,720 
1,640 
1,770 
C-O-CI 
rotation 
1,027 
2,553 
337 
2,138 
472 
2,268 
2,464 
2,477 
2,767 
3,182 
2,359 
3,261 
3,548 
3,611 
3,150 
2,359 
3,693 
Gross value of crops.* 
-----------------
Continuou$ C-O-CI 
corn rotation rotation 
--A-q-u-a-l-I 194!l-44 Ac~ual --19-4-!l-4-4-
pnces pnces pnces prices 
1,995 
912 
2,180 
1,477 
1,615. 
2,036 
1,958 
1,636 
1,079 
1,510 
2,570 
1,814 
2,454 
3,074 
4,198 
2,159 
2,042 
4:332 
714 
3,314 
1,049 
2,668 
3,868 
3,101 
2,645 
1,322 
1,550 
1,953 
1,421 
1,847 
2,067 
1,246 
1,345 
2,153 
1,523 
695 
1,628 
1,229 
1,047 
947 
1,169 
1,701 
2,349 
2,797 
4,543 
4,247 
5,773 
4,154 
6,486 
6,081 
2,898 
.1:047 
862 
2,026 
1,179 
1,844 
1,944 
1,9.11 
2,659 
3,203 
2,953 
3,565 
3,224 
4,301 
2,899 
2,736 
3,746 
2,632 
Net value of crops 
Continuous 
com rotation 
Actual 
prices and 
costs 
. -600 
-304 
758 
171 
117 
484 
497 
219 
-331 
- 46 
888 
59 
582 
1,089 
1,958 
-447 
393 
194G--44 
price" and 
costs 
2:589 
-777 
1,642 
-465 
1,041 
2,157 
1,444 
1,020 
-211 
I 
376 
-119 
277 
482 
-282 
-190 
.~62 
C-O-Cl 
rotation 
Actual 11940-44 prices and price. and 
costs costs 
175 
-5i7 
283 
-162 
-386 
-444 
-176 
258 
769 
983 
2,560 
2,247 
3,357 
1,992 
3,811 
2,930 
1,101 
i;.j,67 
-588 
484 
-284 
301 
392 
380 
1,079 
1,595 
1,380 
1,943 
1,604 
2,653 
1,301 
1,170 
2,109 
1,062 
*Production data taken from Iowa State College Annual Reports of Studies at the Soil Conservation Experimental Farm, Page County, Iowa, 
in cooperation with Iowa Agr, Exp. Sta., Iowa Agr. Ext. Serv., Soil Cons. Serv., Bur. of Plant Ind., U. S. Dept. of Agr., \Vashington, D. O. 
Agron. 23, 40, 61, 88, FSR-5. 1932-1949. 
**Io\\'"a Crop Reperting District 7 prices were used to compute gross values. Costs included were similar to those indicated in footnote 
3, table 5, this bulletin. 
.j>. 
tn 
.j>. 
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averages a higher net return than C-O-Cl, whereas for the period 
as a whole C-O-Cl averages relatively higher net returns. Indi-
viduals operating on a farm with a high state of fertility, a small 
erosion hazard and under these economic circumstances outlined 
above may more nearly attain the short-run goal by growing a 
large acreage of grain (even if forages and grain are complementary 
in the long run). A greater acreage of forage can then be included 
as the relevant period of short-run decision-making has passed and 
fertility and soil tilth has dropped to a level where grasses or leg-
umes benefit grain yields to an extent that complementarity is ex-
pressed in a short time period.1o At the other extreme, the operator 
who buys a farm that has been heavily cropped, has a large equity 
and is concerned with planning over a 20- or 30-year period may 
well realize greatest returns by an immediate shift to a rotation 
which allows full expression of forage complementarity. 
In order for a pure grassland or a grazing type of farming to be 
more profitable than a system of farming which includes both grains 
and forages, the ratio at which forage substitutes for grain between 
rotations (a low grain yield as compared to forage yields) must be 
extremely high relative to price ratios which have existed in the 
past. (See table 7.) 
ROTATIONS. FOR RENTED FARMS 
A large amount of grain is grown relative to the acreage of forage 
on many rented farms. This tendency is expressed for one soil area 
in the data for tenant and owner-operated farms (table 8). N u-
merous forces tend to explain the difference in cropping patterns on 
rented and owner-operator farms. One force, the tendency of be-
ginning operators to be short on capital and hence to operate rented 
farms on a short-run basis, has been mentioned above. Farmers 
operating under these conditions generally have less roughage-con-
suming livestock and hence require less forage on the basis of farm 
organization. However, two properties of leasing systems them-
selves cause smaller acreage of hay or pasture on rented farms than 
on owner-operated farms. One of these is short-term leases. For-
age can never be viewed as a complementary crop by the tenant who 
will be on a farm for a single year since the yield-effects of grasses 
or legumes on grain come only in later years. The other is the 
attempt of some landlords to equalize returns per acre between 
crops by placing a cash rent on hay or pasture which will bring 
income up to that realized from the share of grain crops. In many 
instances the cash rent is so high that it penalizes production of 
lOAgain, the conditions which give rise to the necc~sity of fihort-run decisions are 
those stemming from market imperfections and uncertainties. Aeljustment of cropping 
systems 10 meet risk and \lDcertainty do cause inefficient use of resources for tho 
nation as a whole nnel perhaps over time for the individual farmer. However, these 
imlJel'iections are those to be improved through market analysis. 
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TABLE 7. PRICES FOR SPECIFIED GRAIN AND HAY CROPS, IOWA, 1910·44, 
1910·29, 1930·39 and 1940·44. 
Crop 
Corn ............... 
Oats ................ 
Soybean ............. 
Wheat .............. 
Alfalfa hay .......... 
*1923·1944. 
'*1923-1929. 
Price per ton or bushels 
1910-4411910-2911930-39. 1940-44 
.716 
.771 I .551 .824 .387 .413 .271 .512 
1.53* 2.42** .89 1. 57 
1.07 1.23 .731 1.11 
14.17 16.44 I 11.23 10.96 
Grain/hay rice ratio (price per 
pound 0 grain divided by 
price per pound of hay 
1910-4411910-29 
------
1930-39 1940-44 
1. 806 1.675 1. 754 2.684 
1. 708 1. 571 1. 510 2.920 
3.486 4.748 2.558 4.620 
2.518 2.494 2.171 3.376 
..... . .... ..... . .... 
Source: Records of Iowa Crop and Livestock Reporting Service. 
TABLE 8. CROPPING PATTERN ON A RANDOM SAMPLE OF FULL OWNER 
AND SHARE RENTBD ~'ARMS IN THE IDA·MONONA SOIL AREA OF IOWA. 
Tenure 
Share renters . .................. . 
Full owners .................... . 
Percent of farm 
in grain 
69.8 
50.6 
Percent of (arm land 
in forage 
30.2 
49.4 
Source: Unpublished data from n sample survoy on Ida-Monona soils in western 
Iowa. 
forages even where they are complementary with grain. The pos-
sible outcome here can again be illustrated with the yield and cost 
data of tables 1 and 2, respectively. As already pointed out the 
owner-operator (or cash tenant) can always increase gross income 
(even with no return from hay), lower costs, and hence net income 
by switching from a continuous corn to a C-O-Cl rotation where 
forage is complementary to grain as is true in the period 1941-49 
on Marshall silt loam. Even if he gets no return from hay, he can 
lower his total costs and increase total grain production by shifting 
land from grain to hay and leaving the hay down as a green manure 
crop. Yet this method of lowering costs is not always open for the 
tenant. With a growing cost of $6.69 and a cash rent of $15.00, the 
cost of growing an acre of hay is greater than the growing and har-
vesting cost of corn. He can grow hay profitably only if the in-
crease in return from grain and hay is greater than the increase in 
costs associated with the cash rent. Evidently many tenants feel 
that returns are greatest when the hay acreage is small. 
These characteristics of leasing systems need not penalize forage 
production on the rented farm, however. In the first place, returns 
to both the tenant and landlord can be increased by removal of 
arrangements which restrict forage acreage within the comple-
mentary range. For example, rather than restrict hay acreage to 
20 acres on a farm through a cash rent for hay and pasture of, say, 
$20.00 per acre, where 40 acres can be grown before the limits of 
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complementarity have been reached, the landlord could get a greater 
return if he were to charge a.flat cash rent of $300.00 and encourage 
the tenant to include 40 acres of hay in the cropping system. He 
would realize the same cash rent yet would receive a share of a 
greater total grain production (as in moving from the continuous 
corn to the C-C-C-W -A rotation on Canfield-Wooster soils in 
table 1). The tenant would payout the same cash rent and also 
would share in a greater total grain production. 
It is doubtful that landlords should ever attempt to equalize re-
turns from grain shares and cash rent on hay or pasture when the 
forages are still complementary with grain. Rental arrangements 
should be of a nature to equalize returns between hay or pasture 
and other crops only when the forage acreage has been extended 
to the stage of enterprise competition. Too, if the landlord and 
tenant together plan a cropping system with a forage acreage never 
short of the complementary limits, the difficulty of short-term leases 
can be alleviated. If this quantity of forage, aside from fluctuations 
due to seeding failures, is a minimum specification for the farm and 
for all tenants, the gain to the oncoming tenant always compen-
sates him for any return he might forego in his last year in leaving 
meadows down. 
SUBSTITUTION OF FORAGES IN EROSION CONTROL 
OR FOR OTHER SOURCES OF NITROGEN 
AND ORGANIC MATTER 
Forage crops may be grown either for (1) the direct return 
which can be realized from their sale and utilization through live-
stock as competitive crops, or (2) the indirect return which can be 
realized from them through their contribution as complementary 
crops to the yield of grains. ·When grown as complementary crops, 
grasses and legumes can serve as substitutes for or can be replaced 
by other forms and sources of nitrogen and organic matter, espe-
cially on level soils. For example, the intensive livestock farm 
which buys a large amount of feed may be able to provide more 
organic matter and nitrogen from the manure than would result 
from the growing of legumes. Grain yields may be maintained at 
an economic level even by continuous grain cropping if supplies of 
manure are abundant. The fanner living near a stock yard may be 
able to buy both (1) manure for its organic matter and fertility 
content and (2) commercial fertilizers. If the supply is adequate, 
all farmers have the opportunity to buy commercial fertilizers. 
\Vhen organic matter and fertilizer can be obtained and applied in 
sufficient quantities to grain crops, forages may no longer have a 
complementary effect on grain production. This fact is illustrated 
in table 9 for the Illinois Drummer silt loam. While the C-O-CI 
rotation yielded more grain than either continuous corn or corn 
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'l'ABLE 9. ENTERPRISE RELATIONSHIP AND TOTAL PRODUCTION OF 
CROPS. DRUMMER SILT LOAM. URBANA, ILLINOIS, 1904·49. 
(PRODUCTION FIGURES ON BASIS OF 100 ACRES.) 
, 
Rotation 
Per acre yields Total production 
Corn Oats Hay Groin (lb.) Hay (lb.) 
With treatment 
C ........................ 46.02 XX XX 257,712 0 
C-O ....................... 66.89 61. 82 XX 286,204 0 
C-O·M ................... 74.3R 68.15 2.22 213,586 146,200 
Without treatment 
C ........................ 24.33 XX XX 136,248 0 
CoOs ...................... 33.57 34.51 XX 149,212 0 
C-O-M .................... 51.12 49.77 .82 149,891 54,200 
and oats with a catch-crop plowed under without treatment, it did 
not even yield as much total grain as the continuous corn with 
treatment of manure, lime and phosphate. Forages are no longer 
complementary to grain under similar treatment for all crops. 
On rough and hilly land, it is possible for terraces, contouring 
and similar practices to serve as a partial substitute for grasses and 
legumes in controlling erosion. For example, in 1943, it was esti-
matedll that with practices then current the upper limits of inter-
tilled crops on Iowa's Marshall silt loam of 7-13 percent slope was 
40 percent of the rotational acres if the soil was not to be penna-
nently impaired. Of the balance of the rotational acres, it was 
estimated that 20 percent could be in small grain and 40 percent 
in soil-conserving crops-hay or rotation pasture. With conserva-
tion practices, such as contouring and strip cropping, it was esti-
mated that the acreage of intertilled crops on rotation land could 
be increased by 20 percent and that the acreage of soil-conserving 
crops could be reduced by 20 percent. The complementary effect 
of forages on grain yields then comes mainly through the addition 
of fertility and improved soil tilth. 
When other sources of nitrogen or organic matter are available, 
the question then arises whether these should be furnished through 
forages in the rotation or through commercial sources. If profits 
are to be maximized, the source should be employed which pro-
vides organic matter and nitrogen at the lowest cost. The cost of 
providing home-grown nitrogen and organic matter through rota-
tional arrangements can be computed as the difference in return 
to be realized on an acre of hay as compared to grain or other crops. 
For example, if a SO-bushel grain yield can be obtained either (a) 
through the addition of purchased fertilizer and organic matter or 
(b) through addition of forage to the rotation, the costs to be com-
pared are these: (1) the total costs of the commercial sources and 
"See Englehorn, A. J. and A. C. Bunce. Adjusting crop acreages for war pro· 
duction to the soil resources of Iowa. low" Agr. Exp. St". Res. Bul. 324. 1943. 
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(2) the total difference in net return from the acres planted to for-
ages rather than grain. 
CROPPING SYSTEMS TO MEET RISK 
AND UNCERTAINTY 
Many farmers, especially operators with low equities or begin-
ners with a small supply of capital, are concerned with combining 
enterprises in a manner which will give the 1110st certain and steady 
flow of income possible. Some are willing to exchange a combina-
tion of enterprises which gives high but highly fluctuating returns 
for a combination which may give lower but more stable returns. 
This can be the goal particularly where a farmer "cannot stay in 
the game" if losses are too great in anyone or two years. 
Livestock enterprises may especially be selected for purposes of 
stability. However; crop combinations are also important. Varia-
bility in crop returns may be lessened through two general methods 
including (I) combinations of competitive crops which give more 
stable returns since all may not be affected equally by price changes 
or unfavorable weather in a given year, (2) combinations of for-
ages and grains in order that the better soil tilth and nitrogen added 
by grasses and legumes will prevent yields from dropping so low 
in years of extremely wet or dry weather, and (3) selecting crops 
which have low yield or price variability. 'While price variability 
may be similar for all crops, yield variability and risk may differ 
materially between crops. In some areas the risk involved in get-
ting hay stands is great. In other areas hay production represents 
one of the more stable crops from a yield variability standpoint. A 
study dealing with the degree of risk and uncertainty involved in 
Iowa crop production is now under way and will provide informa-
tion on the manner in which different rotations and qopping sys-
tems can'reduce the risk and uncertainty of farming. 
